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JUNE 1998 D-AREA OIL SEEPAGE BASlN PAGE i of i These waste oils included seal oil from the Heavy Water Facility, machine cutting oil, transformer oil and other shop fluids. The waste oils and fluids were collected in 55-gallon drums, transported to the basin, opened and dumped into the trenches. As the trenches filled, they were alternately burned along with general office and cafeteria waste. This practice continued until 1973 when open burning ceased plant wide.
In 1975, the trenches were removed from service and backfilled with soil (WSRC, 1990) . Approximately one foot of standing water, plus a number of 55-gallon drums, possibly containing waste oil, remained in the basin as documented in a DOSB photograph (#17-355-40) taken in the 1970s.
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INTERIM REMEDIAL ACTION
An IRA was planned for the first quarter of 1995 to remove the drums, debris, and principal threat source material such as free product and sludge. The IRA was planned for completion before initiation of the remedial investigation. However, due to a higher than expected water table, the IRA was postponed until a plan could be devised to minimize impact from excavation within the shallow water table. Approval of the Remedial DesigdRemedial Action work plan (RD/RA) (WSRC-RP-94-1287, Rev. 1.3) was granted in March 1996 and the IRA was completed in June of 1996. The IRA was conducted to reduce the immediate health and environmental contact potential with the contaminant source by uncovering the drums and debris through careful excavation, transferring the drum contents into new drums, and dispositioning of the drum contents and debris in accordance with the approved RDRA.
Metal objects removed during the IRA included partially crushed drums with product and sludge, empty crushed drums, wire, chain, cable, conduit metal shavings, metal strips, glass bottles, light bulbs, reagent bottles, glassware, plastic sheeting, canvas, cloth, bricks, large (8 inch and 4 inch) pipes, rip-rap, channel iron, rebar, etc. Some drums were buried for at least 17 years and were still intact when excavated during the IRA while others were not. Few of the, approximately 60, excavated containers contained free liquids and/or residual sludges (less than 110 gallons).
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The excavation method utilized during the IRA was conducted by opening small quadrants (1 0 x 20 feet) of the waste unit to lessen the potential for environmental impacts due to inadvertent releases (e.g., leakage from drum contents into the shallow water table) of principal threat source material. Soil removed during the excavation process was placed back in the quadrants in a last-out-first-in basis to ensure that the cleanest soil was placed nearest the surface. After all the quadrants were excavated, clean fill was placed on top of the basin area until the soil was approximately one foot above the existing grade. The soils were then graded to reduce water infiltration and seeded to prevent erosion.
Extensive characterization activities have also been completed at the DOSB including four phases of soils and groundwater investigation utilizing the Streamlined Approach for Environmental Restoration (SAFER) and Expedited Site Characterization (ESC) methodology. These characterization activities are documented in detail in the RCRA Facility InvestigatiodRemedial Investigation and Baseline Risk Assessment Report WSRC-RP-96-154, Rev. 1.
REGULATORY BASIS FOR GROUNDWATER MONITORING
The regulatory requirements for this groundwater report originate in the RDRA Work Plan Section 4.2.9. Before the IRA began, concern was expressed by the regulators that the proposed activities during the IRA could potentially degrade DOSB groundwater quality. Specifically, it was known that the water table elevation was above the bottom of the basin trenches and that excavation and drum handling would have to occur within the water table. The proposed excavation and drum removal could potentially cause the drum contents to spill or leak into the groundwater, worsening the existing groundwater quality.
SCDHEC and USEPA mandated that a detailed groundwater monitoring strategy be included in the RD/RA work plan and implemented prior to and following the completion of any excavation at the site to ensure early detection in the event of a release from the IRA.
As a result, a number of operational modifications were made to the excavation and drum handling procedures in the IRA to minimize any leakage of drum contents into the aquifer including a requirement for semi-annual groundwater monitoring after the IRA was completed.
Under the terms of the approved RDRA work plan sampling and analysis plan:
1. Existing monitoring wells in qroximity to the IRA were to be selected for detection monitoring. 2. Since it was known that downgradient groundwater had already been impacted, comparison of background data to downgradient data would not indicate releases from the IRA. 3. Changes in groundwater quality would be indicated by exceeding predicted tolerance intervals and the magnitude of those changes would be assessed and reported to USEPA and SCDHEC. 4. Groundwater would be sampled semi-annually for three years. 5. A report of the groundwater sampling would be presented to USEPA and SCDHEC, semiannually, summarizing the results of the water quality analysis.
SAMPLE DESIGN PARAMETERS
Groundwater monitoring wells from the existing monitoring well and piezometer network surrounding DOSB were utilized for detection monitoring before, during and after the IRA. Groundwater monitoring wells DOB-1, DOB-2, DOB-7, DOB-8, DOB-10 and DOB-12 were selected for monitoring because they are the closest to the excavated area. These wells will be the first to be impacted if a release of hazardous substances occurred during the IRA. These wells are located at the waste.unit perimeter directly downgradient and side-gradient of the DOSB and will provide the earliest possible detection of any releases from the IRA. See Figure   5 -1. After background conditions have been calculated for each well, groundwater samples are to be collected on a semiannual basis for a three year period of time following completion of the IRA and compared to the tolerance interval. Exceedance of the tolerance interval could indicate a change in groundwater quality: however, it may also reflect change due to statistical aberrations or be attributable to temporal variability or sample collection and measurement error. Therefore, the exceedance of a tolerance interval would not necessarily trigger further groundwater investigation. Exceedance of a tolerance interval would necessitate an evaluation of the body of data to determine if the impact to groundwater quality was positive or negative.
A three year monitoring duration was estimated based upon the distance from the center (75 feet) and far edge (150 feet) of the IRA excavation area and the range of groundwater'flow velocities found at DOSB. The following was used to estimate the three-year sampling duration. The monitoring data results from each semi-annual sampling event will be compared to the tolerance intervals. If the tolerance interval is exceeded, then the magnitude of the change will be assessed with respect to the overall body of data and trending. The results will be reported to the South Carolina Department of Health and Environmental Control and the US Environmental Protection Agency twice each year.
The constituents selected for monitoring include Target Compound List Volatile Organic Compounds (TCL-VOCs), Target Analyte List Metals (TAL) and indicator parameters pH, specific conductance, Chemical Oxygen Demand (COD), nitrates, sulfates, chlorides, Total Organic Carbon (TOC), and Total Organic Halogens (TOX). These analytes were selected for monitoring
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BACKGROUND GROUNDWATER CONCENTRATIONS
Ten background groundwater samples were collected from each of six downgradient wells from April 4, 1996, to June 5, 1996. Ten samples were selected for collection to reduce statistical error and reasonably limit the upper-bound. The monitoring wells sampled included DOB-1 , 008-2, DOB-7, DOB-8, DOB-1 0 and DO51 2 and are the wells closest to the waste unit.
All samples were analyzed in accordance with SW-846 methods. All dafa used in this evaluation is definitive level validated data. Because groundwater downgradient of DOSB is impacted from previous releases, a method to measure change in water quality in the wells post-IRA is by comparing post-IRA sample results to a 95% tolerance interval.
Excluding quality assurance/quality control (QNQC) samples, the background data set consisted of 3973 lines of analytical data. The data set was purged to eliminate QNQC samples, replicates, and rejected data. Background groundwater statistics including the average and 95% tolerance levels were calculated for the analyte concentrations in each well. Where a sample result included a "U" qualifier, indicating analyte concentrations were below sample quantitation limits in one or more background samples, a surrogate value of one-half the sample quantitation limit was used to calculate the average for that analyte. Where a particular analyte was not detected in any of the background samples, the background concentration for comparison purposes was set to zero, to guarantee that any detection in post-IRA samples would be addressed. Simple summary statistics were then generated for each analytical fraction by well. The results of the background summary statistics are presented on Tables 6-1, 6-2 and 6-3.
Background groundwater samples were analyzed for 20 metals, as shown on Table 6 -1. In background samples, 19 of the 20 analytes (excepting only silver) were detected.
Background groundwater samples were analyzed for 34 TCL VOCs, as shown on Table 6 -2. In the background samples, 17 of the 34 analytes (excepting l,l,l-trichloroethane, 1 ,1,2,2,-tetrachloroethane, 1,1,2-trichIoroethane, 1,l ,-dichloroethane, 1,2-dichIoropropane, 2-hexanone, bromodichloromethane, bromoform, bromomethane, chloroethane, chloromethane, cis-l,3-dichloropropene, dibromochloromethane, methyl isobutyl ketone, styrene, trans-1,s dichloropropene, and vinyl acetate) were detected.
Background groundwater samples were analyzed for 8 indicator parameters as shown on Table  6 -3. All indicator parameters were measured in the background samples. The maximurn concentration for each analyte from each well from the post-IRA samples was then compared to the tolerance interval. The results of the comparison are presented in Table 7 -2. The following interprets the third semi-annual post-IRA sampling results.
THIRD SEMI-ANNUAL GROUNDWATER MONITORING REPORT FOR THE INTERIM REMEDIAL ACTION D-AREA OIL SEEPAGE BASIN
TAL Metals
Aluminum exceeded the tolerance interval in DOB-10. Arsenic exceeded the tolerance interval in DOB-2. Lead was not detected in any sample from any of the wells. Chromium was qnly detected in DOB-2 at 1.3 pgA but did not exceed the tolerance interval. Copper concentrations exceeded the tolerance intervals in DOB-1, 2, 7, 8, 10 and 12. Barium concentrations exceeded the tolerance intervals in DOB-7, 10 and 12. Iron concentrations exceeded the tolerance interval in 008-2, 7, 8 and 10. Magnesium was not detected in any sample from any of the wells. Manganese concentrations exceeded the tolerance interval in DOB-2, 7, 10 and 12. Mekury exceeded its tolerance interval in DOB-2. Zinc also exceeded its tolerance interval in DOB-1, 2, 7 and 10.
Of the 120 tolerance intervals calculated for TAL metals, only 27 (or l9Y0) were exceeded.' Conversely, 77.5% of the TAL metal concentrations were either less than the predicted tolerance interval or were not present at all in groundwater samples. Antimony, cadmium, lead, nickel, selenium, silver, vanadium and thallium, which were all detected at least once during background sampling, disappeared completely from the list of analytes detected in the 4Q97 post-IRA samples. No MCLs were exceeded for any of the TAL metals.
There does not appear to be any consistent pattern or trend for the presence of metal analytes in DOSB groundwater. Concentrations of some of the metals such as arsenic, cadmium, copper, silver, cobalt, lead, mercury, vanadium, zinc and beryllium appear to spike sporadically and then return to levels below detection limits. There appears to be a pattern of random distribution within the wells, indicating that analyte presence may be the result of sampling or measurement error. No long-term trend can be discerned from the data.
TCL Volatiles
1 ,2-Dichloroethylene (DCE) exceeded the tolerance interval in DOB-2. Benzene exceeds the tolerance interval in DOB 2 and 10. Chloroethene exceeded the tolerance interval in DOB-2, 10 and 12. Ethylbenzene exceeded the tolerance interval in DOB-1 0. Tetrachloroethylene (PCE) exceeded the tolerance intervals in DOB-10 (7.34 pg/L) and 12 (9.12 p & ) .
Trichloroethylene (TCE) exceeded the predicted tolerance intervals in DOB-2 (21.6 pg/L), DOB-10 (39.1 pgL) and DOB-12 (8.14 p m ) . Xylene exceeded the tolerance interval in DOB-10 (0.614 p & ) .
Of the 204 tolerance intervals calculated for TCL VOCs only 15 (or 7%) were exceeded. Conversely, 93% of the TCL VOC concentrations were either less than the predicted tolerance interval or were not present at all in groundwater samples. 1 ,1-Dichloroethylene, 1,2-dichloroethane, acetone, carbon disulfide, carbon tetrachloride, chloroform, Dichloromethane and methyl ethyl ketone, which were all detected at least once in background sampling, disappeared completely from the list of analytes detected in the 4Q97 post-IRA samples.
The results indicate that Chloroethene (vinyl chloride), has reappeared as a contaminant in groundwater. The maximum concentration was 39.1 pgL in DOB-10. The reappearance of chloroethene correlates to the shutdown of the bio-vent system. Its presence is interpreted to mean that DOSB has returned to anoxic condition and indigenous bioremediation has resumed. Additionally, the only MCLs exceeded for TCL VOCs was for PCE (MCL=5.0 pgL) in DOB-10 I ---
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JUNE 1998 PAGE 13 of 17 (7.34 pg/L) and DOB-12 (9.2 pgL) and TCE (MCL = 5.0 pg/L) also in DOB-10 (39.1 pg/L), DOB-12 (8.14pgL) and DOB-2 (21.6pgL). Dichloromethane, a final CM-COC, was not detected in groundwater at all. The absence of dichloromethane is an indication that the testing of the biovent was successful in destroying this contaminant from basin soils.
Indicator Parameters
Indicator parameters cannot be interpreted in the same manner as the chemical parameters. By evaluating the relative levels of indicator parameters, it is possible to predict broad changes in the geochemistry and biochemistry of a water system and make general qualitative statements as to the overall nature of the water quality. Depending upon the parameter, a quantitative increase can indicate a positive, negative or neutral trend. Therefore, the following interpretation of indicator parameters will be qualitative.
Chemical oxygen demand (COD) is a measure of the amount of oxygen required to chemically oxidize organics dissolved in the groundwater. COD levels have increased in 3 of the 6, downgradient wells (maximum concentration 37.4 mg/L) but are still relatively low compared to municipal sewage or landfill leachate. Since these levels have increased slightly, it appears that oxygen levels have decreased in the groundwater. The increase in COD levels is related to the discontinuation of the bio-vent since an empirical relationship exists between COD and BOD (biological oxygen demand) levels.
Groundwater analyses indicate an increase in the levels of chloride in 3 of the downgradient wells. Chloride is produced as an end product of the biodegradation of chlorinated solvents. This indicates a probable combination of aerobic and anaerobic conditions still continuing to degrade the residual chlorinated solvents. The presence of sulfate is attributed to microbial degradation of petroleum compounds. Sulfate concentrations increased significantly in DOB-10 and 12 on the west side of the basin and are interpreted as very positive groundwater quality trends. Nitrates can exist in seven oxidation states in nature which can make nitrate data difficult to interpret. At DOSB the nitrate results are neutral, with two wells showing an increase in nitrate levels and four wells showing a decrease in nitrate levels. The probable explanation for the mixed results is a transition in the groundwater from an aerobic to anaerobic system caused by discontinuing the testing of the bio-vent. Where nitrate levels are low may reflect where locations have greater numbers of aerobic nitrifying bacteria. Where nitrate levels are higher may indicate where anaerobic conditions still prevail and are associated with low dissolved oxygen (DO) levels.
There has been an increase in the total organic carbon concentration that is indicative of the use of organic carbon by microorganisms as a nutrient substrate. This is interpreted as a negative groundwater quality trend and is indicative of the system becoming more anaerobic, thus lowering biodegradation rates. Total Organic Halogen (TOX) levels have increased in 3 of the 6, downgradient wells. This is also a negative indication that biodegradation rates have slowed digestion of organic halogen compounds in groundwater. As a result, concentrations of PCE can be expected to decrease, while concentrations of VC can be expected to increase because of anaerobic digestion processes will predominate the system.
The results of indicator parameters reflect flux in the DOSB groundwater system again. It is apparent from the results, that the groundwater system is changing from an aerobic system to an anaerobic system and from an oxidizing system to a reducing system. The results are interpreted to indicate that the change in the groundwater system is attributable to the discontinuation of the bio-vent testing. Further chemical evidence is available to support this hypothesis. Table 7 indicative of increased anaerobic conditions within the system. COD and total organic carbon (TOC) levels have also increased in three of the downgradient wells also located on the west side of the basin and is clear evidence of the impact of the discontinuation of the bio-vent.
Because biodegradation rates are slower under anaerobic conditions the rate of digestion of TOC will also be slower. There still appears to be significant indigenous anaerobic microbial degradation occurring since chloride levels have significantly increased indicating destruction of chlorinated solvents. The only compound that counters this trend is chloroethene (VC). VC was not detected in any of the 2Q97 groundwater samples while the bio-vent was being testing. VC was not disposed in the DOSB and its presence is attributable to the anaerobic degradation of TCE and PCE. Under anaerobic conditions PCE is degraded and concentrations will decrease based upon first-order biodegradation rates. The degradation chain then becomes PCE-TCE-DCE-VC. This is also referred to as reductive dechlorination. Under aerobic conditions PCE is not degraded and concentrations remain constant. The degradation chain then becomes TCE-DCE-ethylene.
Since bio-vent testing was discontinued, VC has reappeared as a contaminant in groundwater (maximum concentration of 47.2 pg/L in DOB-10). The production of VC at DOSB is a predictable biochemical process caused by reductive dechlorination under anoxic conditions. Since the production rates for VC under anoxic conditions is low, and the destruction rates for VC were high during bio-vent testing, VC disappeared. Since bio-vent testing has been terminated, VC concentrations will return and remain persistent under anoxic conditions. However, DOSB still evidences indigenous anaerobic biodegradation and overall groundwater quality should improve with time. 
